The caudal vena cava in carnivores is the blood drainage pathway, originating from the pelvis and pelvic limbs, and entering the right atrium. Caudal vena cava duplication has rarely been reported in small animals. This report aims to describe a case of duplicity of the caudal vena cava and renal vein variation in a female feline corpse of a Brazilian shorthaired cat approximately 3 years of age, with the focus on the possible clinical and surgical implications of this anatomical variation. It was subsequently preserved in 10% formalin, and its vascular system was injected with colored S-65 Petrolatex. During the dissection of the abdominal region, the presence of a double caudal vena cava and two renal veins in both kidneys was observed. While uncommon in cats, caudal vena cava duplication should be differentiated from other vascular anomalies when planning surgeries and to avoid misdiagnoses.
The CVC opens into the caudal part of the sinus venosus of the right atrium. It runs into the plica venae cavae through the right pleural cavity to the foramen venae cavae in the tendinous center of the diaphragm. As it enters the abdominal cavity, it turns dorsal between the right crus and the liver. At this point, it creates an impression, the sulcus venae cavae, on the diaphragmatic surface of the liver, which varies in depth among species and individuals. It passes over the dorsal border of the liver, at first still applied to the diaphragmatic crus, to reach a location ventral to the vertebral column and to the right of the abdominal aorta (KÖNIG and LIEBICH, 2016) .
In humans, the prevalence of duplication of the inferior vena cava (IVC) has been reported in 0.2%-3% of the individuals studied (BASS et al., 2000) . Duplication and other anomalies of this vessel may be associated with a higher risk of deep venin thrombosis (SARLON et al., 2011) . In most cases, duplication of the IVC is clinically silent, identified only during imaging studies, surgeries, or necropsies (ITO and IKEDA, 2018) .
The right IVC is typically reassembled through four caudocranial embryologic segments: subrenal, renal, suprarenal, and hepatic. The posterior cardinal veins persist as the caudal portion of the subrenal segment that produces the common iliac veins and the bifurcation. The supracardinal vein produces the cranial portion of the subrenal segment. The right subcardinal-supracardinal anastomosis produces the renal segment. The subcardinal vein provides the supra-renal segment. The cardiohepatic canal produces the hepatic segment (ARTICO et al., 2004) . Each pair of veins is identical in origin but not in position, and the unusual development of these venous systems, for unknown reasons, causes variations in the IVC and alters the venous map of the abdomen (ARTICO et al., 2004) . Its pathogenesis is generally attributed to the failure of regression of the left supracardinal vein (MAO et al., 2015) .
Duplication of the CVC has rarely been reported in domestic animals. In the reported cases, the anomaly has been primarily described as an incidental finding during imaging for other reasons, and has been associated with other congenital anomalies (HUNT et al.,1998; BERTOLINI, 2010) .
This communication aims to report a case of duplicity of the CVC, associated with duplication of the right and left renal veins in a cat, with the focus on the possible clinical and surgical implications of this anatomical variation.
Materials and methods
The research ethics committee of Rio de Janeiro Federal Rural University approved this study (23083.005334/2009-49) .
During dissection activities performed in the Animal Anatomy Laboratory of the Animal and Human Anatomy Department of the Federal Rural University of Rio de Janeiro, a numerical variation was observed in the CVC and the left renal vein of a female Brazilian shorthaired cat, approximately 3 years old. This cadaver was previously identified and positioned in right lateral recumbency. By a thoracic incision, his sixth and seventh ribs were removed. His thoracic aorta was dissected, cannulated to wash the vascular system with saline solution, and fixed with a 10% formaldehyde solution. Then, the vascular system was filled with colored stained Petrolatex S-65 solution (Refinaria Duque de Caxias-REDUC-Petrobras, Duque de Caxias-RJ) mixed with the dye Suvinilxadrez ® . After this the cadaver was immersed in a low-density polyethylene cardboard box, with 500-L capacity, containing a 10% formaldehyde solution, to finalize the fixation and latex polymerization processes. Seven days after injection of the latex, the cadaver was washed in running water, the peritoneal cavity was opened, and the structures were dissected. In this case report, two bilaterally asymmetrical caudal venae cavae were observed, ascending along the right and the left sides of the abdominal aorta in this female cat; the left CVC joined the left renal veins to form a common trunk (preaortic trunk), which then crossed obliquely upwards from left to right ventrally to the aorta and joined the right CVC.
The cat in this investigation resembles a type 2a according to the CHEN et al. (2012) classification, and a type III complete duplication in accordance with NATSIS et al. (2010) .
Also, two left and right renal veins were observed, one cranioventral and the other caudodorsal. The first left renal vein (cranioventral) measured 1.20 cm and the second (caudodorsal), 1.36 cm. The first right renal vein (cranioventral) measured 1.31 cm and the second (caudodorsal), 1.35 cm (Fig. 1) .
Discussion
Anatomical variations, including those in the position, diameter, and running course of double caudal venae cavae, are vary between cases. A double CVC is a standard arrangement in whales and dolphins and has been reported as an uncommon variant in humans (BASS et al., 2000) and domestic animals (REIS and TEPE, 1956; LABORDA et al., 1996; CACERES et al., 2008) .
Embryogenesis of the IVC is a complex process involving the development, regression, anastomosis, and replacement of the three main embryonic veins (MATHEWS et al., 1999; BASS et al., 2000) . In the sequence of presentation, these vessels are: the posterior cardinal, the subcardinal, and the supracardinal veins. The posterior cardinal veins appear first on the posterior aspect of the embryo. These veins regress, except for the distal aspects, which become the iliac bifurcation. The subcardinal veins then appear anterior and medial to the posterior cardinal veins. The right subcardinal vein remains to form the suprarenal IVC, while the left subcardinal vein completely regresses. Subsequently, the supracardinal veins appear dorsally to the subcardinal veins. The left supracardinal vein then regresses, and the right supracardinal vein forms the infrarenal IVC. The normal IVC is converted to a unilateral, right-sided system, consisting of four components:
(1) the infra-renal segment from the right supracardinal vein, (2) the renal segment from the right supracardinal anastomosis, (3) the supra-renal segment from the right subcardinal vein, and (4) the hepatic segment from the right hepatic vein.
Thus, a double IVC is considered to be due to the persistence of both supracardinal veins (MATHEWS et al., 1999; BASS et al., 2000) .
The complete duplication found in the cat reported here may be associated with either the prerenal or the left side of the renal segments of the CVC. The exact development of the inferior/CVC in humans and animals is an issue that has not yet been fully clarified, and different developmental theories have been proposed (CORNILLIE and SIMOENS, 2005; CORNILLIE et al., 2008) . The definitive abdominal CVC is typically a single right-sided vessel that develops in five segments: prerenal, renal, prehepatic, hepatic, and posthepatic (HUNT et al., 1998) . This same type of duplication was observed by BERTOLINI (2010) in different breeds of dogs, although in the present report, there was no vessel symmetry.
Many classification systems have been proposed to improve the understanding of the different anomalies that may occur during the development of the IVC (McCLURE and BUTLER, 1925; MORITA et al., 2007) . The most commonly used classification is based on the segment of the final vena cava that is abnormal. CHEN et al. (2012) proposed a simple classification of the IVC into three types: normal (right), double, and left IVC. In the case of the double IVC, this anomaly was further classified according to the pattern of the interiliac veins. An interiliac vein was defined as a vein that drained the blood from the common iliac veins into the contralateral side of the double IVC. Thus, variations of the IVC were classified as follows: type 1, normal iliac communication; type 2a, double IVC with no interiliac vein; type 2b, double IVC with interiliac vein from the left common iliac vein; type 2c, double IVC with interiliac vein from the right common iliac vein; type 2d, interiliac vein connecting the double IVC, runs transversely; type 3, left IVC with a symmetrical-to-normal iliac connection.
According to the human classification system proposed by CHEN et al. (2012) , the cat in the present investigation resembles a type 2a. Following a previously published human classification system, the cat in the present study has a type III complete duplication, with the two vessels and the oblique venous trunk having approximately the same caliber (JOHNSTON, 1913; NATSIS et al., 2010) .
In humans, in another aspect, two types of duplication of the IVC can be considered: complete and incomplete (XUE et al., 2006) . A complete duplication is where, after receiving the left renal vein, the left IVC continues with a venous trunk anterior to the aorta (preaortic trunk); this represents a persistent intersubcardinal anastomosis, traveling obliquely, and emptying into the right IVC. The complete duplication is further subdivided into the following three types: type I, which comprises two bilaterally symmetrical cava veins and a preaortic trunk of the same caliber (due to the persistence of the two supracardinal veins and the intersubcardinal anastomosis); type II, which exhibits two bilaterally symmetrical trunks that are smaller than the preaortic trunk (persistence of the supracardinal veins and the failure to regress of the intersubcardinal anastomosis); and type III or asymmetric duplication, which comprises a smaller left IVC than the right one and a preaortic trunk (failure of regression of the left supracardinal vein). An incomplete pattern is defined when the left iliac vein ascends as a duplicated left IVC and drains into the left renal vein, which then travels anteriorly to the aorta and joins the right IVC in the normal fashion.
Numerical variations of the renal arteries have been described in dogs (OLIVEIRA and GUIMARÃES, 2007; ALONSO and ABIDU-FIGUEIREDO, 2008) , cats (PESTANA et al., 2011) , and rabbits (ALMEIDA et al., 2013) . These reported variations are more frequently observed in arteries than in veins, although CAMPOS et al. (2014) and STOCCO et al. (2014) reported double renal veins in both kidneys, and triplet veins in only the right kidney, in cats, respectively. REIS and TEPE (1956) dissected the renal veins of 500 mongrel dogs (287 males and 213 females) and observed the presence of a double right renal vein in 1% (n = 5) and a single left renal vein in all cases, in contrast to the results obtained by FAGUNDES et al. (1990) , in which duplicity was only found in the right kidney. Vascular duplicity, when present, is usually observed in routine dissections or during imaging tests. According to XUE et al. (2006) , duplication of the IVC and vascular variations of the kidneys are not only important from a developmental point of view but also have important clinical implications. These anomalies can manifest as various clinical symptoms and can affect the approach to surgical procedures. The presence of duplicate IVC poses hazards during abdominal aortic surgery. In addition to increasing the complexity of kidney transplantation, they increase the percentage of procedural failures. STOCCO et al. (2017) , in a report on a specimen of Leopardus pardalis, emphasized that any abdominal surgery that requires mobilization or hemostatic control of the renal vessels requires a systematic search for possible vascular anatomic variations. In this context, a renal transplant may be performed in a companion animal surgical clinic as a therapeutic alternative for cats with end-stage renal failure. Thus, the vascular anatomic requirements for the harvested kidneys are specific, to ensure surgical success.
Although it has a low prevalence in cats, the duplication of venous vessels should be differentiated from other vascular anomalies when planning surgeries and to avoid diagnostic errors. 
